A highly efficient and green synthesis of (±)-methysticin was developed from inexpensive piperonal, requiring two extraction procedures and one chromatographic purification in the final step with 51% overall yield. This new method is superior compared to known literature procedures and is highly reproducible and scalable up to gram scale.
Introduction
Kava or kava kava is an extract of the roots of a kava plant (Piper methysticum), which grows widely in the Hawaii, South Pacific islands including Vanuatu and Fiji. 1 Aqueous extract of kava root has been consumed in this region as an apparently safe beverage and also used as a folk medicine for centuries. 2, 3 Kava and its constituents possess significant biological activities including analgesic, 4 anesthetic, antifungal, antithrombotic, 5 anticonvulsive, 6 and musclerelaxant 7 . Furthermore, Steiner's research findings revealed that kava consumption had an inverse correlation to cancer incidence rates. 8 These attractive properties of kava have caught the attention of many researchers in both academic and pharmaceutical research sectors.
Two kava preparation methods are popular, among which traditional kava is prepared as an aqueous extract of kava root while those most commonly used in the Western countries are prepared as organic extracts (mainly ethanol or acetone). As of 2000, kava was the ninth most popular herbal product in the US in terms of global sale. 9 Due to some controversial idiosyncratic hepatotoxic potentially derived from kava usage, [10] [11] [12] [13] the Food and Drug Administration (FDA) issued a warning on usage of commercial kava and kava containing dietary supplements in 2002. The chemical components underlying the various bioactivities and potential toxicity are not completely understood. The chemical constituents of Piper methysticum has been extensively studied and found to contain predominantly natural products from a number of phytochemical groups including kavalactones and chalcones (flavokavains). [14] [15] [16] [17] Among the isolated compounds, kavalactones were identified as the active constituents responsible for its pharmacological activity. 3, 18 Representative major kavalactones are shown in Figure 1 .
Recently we have demonstrated that kava has chemopreventive efficacy against lung cancer.
19 In addition we also successfully identified that methysticin, a kavalactone suppresses NF-κB activation in lung cancer cell line. 20 It's noteworthy that (+)-methysticin and synthetic (±)-methysticin 1 both have shown the same luciferase based NF-κB inhibitory activity (0.58 ± 0.18 µM). Encouraged with these research findings, we were interested in evaluating the in vivo efficacy of (±)-methysticin 1. In order to study the in vivo efficacy, we would need large quantities (about 50 grams) of methysticin. Although mixtures of kavalactones are readily available from kava extracts, the natural abundance of methysticin is low relative to other kavalactones and isolation of large quantities is challenging that involves multiple chromatographic purification. Till date there have been several synthetic methods reported in the literature for the synthesis of kavalctones, 21 which may be applicable for the synthesis of methysticin. But the substituents on aromatic ring may have influence on the reaction rates as well as overall yields. Most of the literature procedures specific for the synthesis methysticin are limited to milligrams scale. 22 Moreover, these synthetic routes require chromatographic purification in each step and often with low overall yields. Such, are not economically viable large-scale preparation; some examples are show in Table 1 . 22 Most importantly many of these synthetic procedures involve transition metal catalyzed reactions (Pd), requiring removal of trace metal residue from the final product, which again is not environmental friendly, involves additional procedures, 23 and introduces potential risks of heavy metal-based adverse side effect. Taking account of these demerits, herein we have developed a short and highly reproducible synthesis of (±)-methysticin 1 with good overall yields involving just two extractions, one final column purification, and no heavy metals. Overall yield includes yields of non-commercial substrates used in the synthesis.
Results and Discussion
Our initial attempt focused on the synthesis of (E)-3,4-Methylenedioxycinnamaldehyde. We first attempted the Wittig reaction of piperonal 6 with ylide 7 as shown in Scheme 1. Low yields of (E)-3,4-Methylenedioxycinnamaldehyde were obtained when the reaction was carried out with stoichiometric amounts of piperonal 6 and ylide 7, with considerable amount of 5-(1,3-benzodioxol-5yl)-2E,4E-pentadienal 9 being isolated as the major byproduct. The 5-(1,3-benzodioxol-5yl)-2E,4E-pentadienal 9, 28 had a very close Rf values on TLC with (E)-3,4-Methylenedioxycinnamaldehyde 8 and piperonal 6 making chromatographic purification challenging to obtain pure (E)-3,4-Methylenedioxycinnamaldehyde 8. Therefore two equivalents of piperonal 6 were used with respect to ylide 7 to minimize the formation of the byproduct. The conversion was lower in addition to small amounts of 5-(1,3-benzodioxol-5yl)-2E,4E-pentadienal 9 formation. Based on these two attempts we decided this method was not appropriate for large scale preparation of (E)-3,4-Methylenedioxycinnamaldehyde. An alternative highly efficient one-pot procedure (Scheme 2) was adopted to synthesize (E)-3,4-methylenedioxycinnamaldehyde, involving (1,3-dioxolan-2-yl)methyl triphenylphosphonium bromide 10, which was synthesized based on known literature procedures in quantitative yields (98%). 24 The ylide was generated in situ from (1,3-dioxolan-2-yl)methyl triphenylphosphonium bromide 10 using Lithium methoxide followed by reaction with piperonal 6 in dry THF to yield the intermediate 11, which upon treatment with 1N HCl in the same pot to yield crude (E)-3,4-Methylenedioxycinnamaldehyde 8. Importantly byproduct 9 formation was not observed by employing this new improved protocol. Moreover no further purification was required at this stage, making this a superior method compared to Scheme 1. In the second step, aldol condensation of (E)-3,4-methylenedioxycinnamaldehyde 8 and the dianion of ethylacetoacetate, which was generated from ethylacetoacetate 12 upon treatment with NaH and n-BuLi, yielded the aldol adduct δ-hydroxy-β-ketoester 13. Lactonization of δ-hydroxy-β-ketoester was carried out under mild basic conditions using anhydrous K2CO3 in methanol.
22c Instead of isolating β-keto lactone intermediate, we were able to simply remove the methanol and carry out methyl ether formation using dimethylsulfate in acetone in the same pot to afford (±)-methysticin 1 (Scheme 3). In order to validate reproducibility of this method, the same experiment was carried out multiple times with scales ranging from milligrams to grams and the overall yields range from 48.6-52.3%. We also found that purification of intermediates 8 and 13 do not improve the overall yield. In order to further simplify the synthesis, we attempted one pot synthesis for the second step; by excluding the extraction of aldol adduct δ-hydroxy-β-ketoester 13. In order to accomplish this, the reaction mixture of the aldol adduct 13 was quenched with methanol and lactonization was carried out followed by methyl ether formation in one pot. In this case even though the reaction was carried out under similar reaction conditions we didn't observe the formation of methysticin. Instead, several non-polar spots were observed on TLC upon final workup. It was unclear why the reaction did not proceed as expected and we speculate that the byproducts formed upon quenching with methanol and traces of triphenylphosphine oxide remaining from step I may be influencing the lactonization and methyl ether formation. In order to confirm the reaction was proceeding through the aldol adduct δ-hydroxy-β-ketoester 13, we purified the intermediate and complete characterization data were furnished in the experimental section. (E)-3,4-methylenedioxycinnamaldehyde characterization data was in agreement with previous literature reported values.
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Conclusions
In summary, we developed a highly efficient and reproducible gram scale preparation of (±)-methysticin starting with commercially available piperonal. This current strategy was very advantageous when compared with known literature procedures. This new synthesis involves four steps, two extractions, one chromatographic purification, is free from toxic metal catalyzed reactions, and has a very high overall yield that is easily scalable. Further in vivo efficacy study of methysticin is underway in our laboratory.
Experimental Section
General. All commercial reagents and anhydrous solvents were purchased from vendors and were used without further purification or distillation, unless otherwise stated. All non-aqueous reactions were carried out under an atmosphere of dry nitrogen in dried glassware. Analytical thin layer chromatography (TLC) was performed on EM Science silica gel 60 F254 (0.25 mm). Compounds were visualized by UV light and further stained with p-anisaldehyde solutions followed by heating. Flash column chromatography was performed on Whatman Inc. silica gel (230-400 mesh). The 1 H NMR and 13 C NMR spectra were recorded on a Bruker Advance 400 MHz spectrometer. The chemical shifts for 1 H NMR are reported in ppm downfield to CDCl3 (7.26 ppm), coupling constants were in Hz. ESI mode mass spectra were recorded on a Bruker BiotofII mass spectrometer.
Procedure for the linear synthesis of methysticin:
Step I. Synthesis of (E)-3,4-Methylenedioxycinnamaldehyde (8). Lithium methoxide (19.8 mmol) in methanol was added dropwise to a solution of (1,3-dioxolan-2-yl)methyl triphenylphosphonium bromide 10 (19.8 mmol) in dry THF under nitrogen atmosphere at 0 o C and stirred at same temperature for 30 min. Piperonal 6 (13.2 mmol) in dry THF was added dropwise to the reaction mixture and further stirred for another 30 min. The reaction mixture was brought up to room temperature and stirred at 70 o C for 6 hours. Reaction progress was monitored by TLC. Upon complete consumption of piperonal, reaction mixture was brought down to 0 o C and added 1N HCl (40 mL). After stirring at room temperature for 3 hours reaction mixture was diluted with water and extracted with ethylacetate (2 x 40 mL). Organic layers were combined, washed with saturated NaCl solution and dried over anhydrous MgSO4. The solvent was evaporated in vacuo and the residue was dried under high vacuum for overnight, to yield (E)-3,4-methylenedioxycinnamaldehyde 8, which was taken to step II without purification.
Step II: Synthesis of (±)-Methysticin 1. Ethylacetoacetate 12 (13.9 mmol) was added dropwise to a slurry of sodium hydride (26. , when (E)-3,4-methylenedioxycinnamaldehyde 8 (13.9 mmol in dry THF) was added dropwise. After 30 min reaction mixture was brought up to room temperature and stirred further for 4-5 hours. Reaction mixture was quenched with saturated aqueous ammonium chloride solution upon completion of starting materials as judged by TLC and extracted with ethyl acetate (2 x 60 mL). Organic layers were combined, washed with saturated NaCl solution and dried over anhydrous MgSO4. The solvent was evaporated in vacuo to yield aldol adduct δ-hydroxy-β-ketoester 13. Anhydrous K2CO3 (27.8 mmol) was added to the aldol adduct δ-hydroxy-β-ketoester 13 in methanol at room temperature and stirred for 2 hours. Upon reaction completion, methanol was removed under reduced pressure and the reaction mass was redissolved in anhydrous acetone followed by addition of dimethylsulfate (27.8 mmol). The reaction mixture was stirred at room temperature for overnight and diluted with ethyl acetate; organic layer was washed with 1N HCl and dried over anhydrous MgSO4. Ethyl acetate was evaporated in vacuo and the residue was purified by flash column chromatography on silica gel to give pure methysticin 1. 
